The authors developed a method of three-dimensional surface reconstruction, which takes advantage of the angular distribution of backscattered electron emission to obtain a digital map of surface elevations. Such quantitative information about the surface topography is obtained by digital processing of four input images acquired from four electron detectors. The method was adapted to environmental conditions by means of the vacuum--detector equipment applicable for a standard scanning electron microscopy. The main part of the equipment is the vacuum-detector head containing the intermediate vacuum chamber with a semiconductor backscattered electron detector inside. The detector captures a zenith backscattered electron fraction passing through the throttling aperture placed closely to the sample at the distance comparable to the aperture diameter (0.6 mm). The system was dedicated to the investigations of solid nonconductive samples at pressures < 10 hPa but it has already been supplemented with a gaseous directional backscattered electron detector which can work at a distance of a few mm to be safe for biological samples.
Introduction
Scanning electron microscopy (SEM) is a powerful tool in diagnostics and examination of semiconductors structures, micro-mechanical systems and biological speci- A three-dimensional reconstruction system designed by the authors as an attachment to SEM, consists of a quadruple directional electron detector, a frame-grabber and a PC-based processing unit. Software processing algorithms were developed to carry out the reconstruction process and compensate for several types of errors, inherent in the method [2] . Despite the complexity of the overall reconstruction algorithm it can operate very quickly, even in real-time for average SEM scanning rates. To obtain satisfying accuracy of the reconstructions special error compensation algorithms were developed. The presented method is particularly useful for the reconstruction of relatively smooth objects, without numerous surface details necessary for a more popular stereoscopic * corresponding author; e-mail: witold.slowko@pwr.wroc.pl method.
Such smooth objects can usually be found among biological samples which have to be observed in water vapour atmosphere obtainable in the variable pressure and environmental SEM (VP/E SEM). This suggests that the method should be advantageously adapted to the VP/E SEM.
Bases of the multidetector method
The multidetector method is based on the Lambert angular distribution of backscattered and secondary elec-
A system of four detectors, placed symmetrically around the specimen (Fig. 1a) , allows to extract information 
W. Sªówko, M. Krysztof about local topography and composition. The expression for a detector signal can be written as follows:
where θ p , φ p local surface topography in polar coordinates, δ 0 secondary emission coecient (depends on the material composition), d A , c A , θ A detector geometry coecients, I PE electron beam current.
The local surface inclination may be obtained by dividing the dierence by the sum of the opposite detector
This provides a specimen topography prole if integrated along a scan line in the x direction. The second pair of detectors gives the initial prole in the y direction which allows to synthesize a fully 3D surface according to the expression beneath and Fig. 1b :
3. Detector-vacuum system
The VP/E SEM operates at elevated pressure in the sample chamber while the electron optical column is in the intermediate chamber (Fig. 2) where the gas pressure is at least ten times lower than that in the sample chamber so electrons can cover a relatively long distance without scattering [6] . A zenithal fraction of BSE generated from the sample surface enters the intermediate chamber through the lower throttling aperture of 0.6 mm in a diameter so its maximum distance g to the sample for the detector (10 mm in a diameter) placed at h = 14 mm from the aperture, should be below 1 mm to keep the detector area within the BSE cone. It should be emphasized that at the mentioned maximum distance of g = 1 mm only BSE emitted from the central point of the view eld creates a cone tting exactly to the detector diameter and the rest is shadowed. For instance, the distance should be twice lower (h = 0.5 mm) to obtain an unshadowed view eld covering half of the throttling aperture diameter (Fig. 3 ).
3D reconstruction procedure in experiments
Four quadrants (4Q) of the PIN diode playing a role of the BSE detector (Fig. 2b) produce four signals stored in the form of four input images, as in Fig. 4a . They are processed to obtain the 3D pattern of the surface shape 
Summary
A classic high vacuum SEM equipped with the VP BSE detector system may become a good supplement for the standard instruments used for 3D imaging, as atomic force microscopy (AFM) or confocal laser scanning microscope (CLSM) for instance. The system has been designed as detachable equipment which does not imply any changes in an original structure of the microscope. Presently, the authors are carrying out vast investigations of the system and adapt it to wet biological samples. The wet sample surface is not as exactly dened as the solid one and should be positioned at a greater distance than the described system can accept.
Thus, the authors designed a combined directional electron detector [7] supplemented with a BSE gaseous detector working at greater distances and higher pressures than the presented one.
